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Graphene is the emerging material for nanoscale devices. As a single sheet of carbon, graphene, has unique chemical and physical properties. It is a honeycomb network where strong in-plane sp 2 hybrid bonds guarantee chemical stability and the interference of the remaining p z electrons in the honeycomb is responsible for physical properties like that of a gapless semiconductor with a point-like Fermi surface. This implies a low conduction electron density with a large electron mobility (1) allowing the construction of new transistors (2) and in combination with magnetic fields the observation of e.g. the quantum
Hall effect at room temperature (3) . If the honeycomb symmetry is broken, the physical properties change. This is the case for graphene on a substrate, a situation that occurs in most production processes, like e.g. the segregation from SiC single crystals (4) , or the chemical vapor deposition schemes, where hydrocarbon gases as e.g. ethylene (C 2 H 4 ) on transition metals (5) (6) (7) (8) (9) . Similar to hexagonal boron nitride layers, where the symmetry in the honeycomb is intrinsically broken due to the differences between boron and nitrogen, the substrate breaks the symmetry of the graphene honeycomb (C A , C B ) and the formation of gaps is observed, where the choice of the substrate allows the control of the magnitude of the gap, and its position relative to the Fermi level (10) . Also, in plane boundaries of the sp 2 hybridized layers impose a distortion of the properties of the free standing layers, which is known from one-dimensional graphene nanoribbons (11) . For zero dimensional graphene, i.e. small graphene flakes or polycyclic aromatic hydrocarbons (12) , where benzene is the smallest representant, non-dispersing, localized electronic states with a gap that decreases with the number of carbon rings are expected. However, not much is known about the transition from a localized, dot like hexagonal carbon network to a delocalized one, also because it is difficult to prepare "zero dimensional" graphene.
Here we focus on the observation and identification of quantum dots on a single layer of graphene. They emerge as a regular array on a 3 nm superlattice with about 90 carbon atoms or a diameter of 2 nm. This peculiar structure is formed in a self-assembly process, when graphene is grown on a Ru(0001) surface (6) (7) (8) (9) . The lattice mismatch of about 10%
between the substrate and the graphene leads to the formation of a super structure, where N+1 graphene lattice constants fit on N substrate lattice constants. For g/Ru(0001) N is 11.5 and a corresponding moiré pattern is expected (14) . The anisotropic bonding of the C 2 atoms with respect to the underlying Ru atoms leads, however, to a strong lateral lock in energy, where C on top of Ru is preferred. This causes dislocations and a deviation from a regular moiré structure: The carbon layer and the substrate are strained anisotropically and the much softer out of plane elastic modulus of graphene causes a strong corrugation of the carbon sheet. Regions where none of the two carbon atoms in the honeycomb bond on top of a Ru atom form a "mound-" or "hill-"like protrusion (see Fig. 1A ). The height of the protrusion is about 0.1 nm as measured with scanning tunneling microscopy (6-9) or found from density functional theory calculations (15) , and affects the properties of the structure ubiquitous at tip-surface junctions (18, 19) . The field emission resonance energies may be used to determine the local work function of surfaces, whereby a decrease in energy indicates a decrease of the work function of the probed surface region (20, 21) . For the present case g/Ru(0001) the energy up-shift on the hill confirms the local work function shift as found by photoemission from adsorbed xenon (16) . The peak that opposes the trend of the field emission resonances is, as it is shown here, a quantum well resonance, which
indicates the quantum dot nature of the hills. It can be seen that this resonance undergoes within less than 1 nm an abrupt decrease in energy (0.5 eV) in going from the valley to the hill of the super structure, which conveys an isolated nanoscopic electronic system on the hills that act like "mesas". The conductance map is not fully symmetric with respect to the top of the hills. This indicates that the valleys on the left and to the right are distinct, as it is reflected in the coordination of the C A and C B atoms to fcc and hcp sites respectively (6, 16) . Fig. 1C shows two spectra, one on a hill and one in a valley, at positions x=0 and x=2.0 nm, respectively. The field emission resonances are labeled with FER n. The label QWR is used for quantum well resonance. The quantum well resonance on the hills displays a sharp peak and evidences a high Q-factor of the resonance.
In the following we want to substantiate the physical picture leading to the quantum dots reflected in the site dependent spectra in The graphene is modeled as a rectangular quantum well with a width a and a', and a depth scattering process (26) in bouncing between the vacuum and the ruthenium, and not in a single scattering process as encountered in a transmission resonance (27) . This is further justified by the sharpness of the resonances. The increased conductance at the resonance energies thus does not result from direct transmission into the Ru substrate but from the increased density of states and the scattering of the electrons, from where they may join the conduction bands of the sample.
In Fig. 3 the experimentally observed resonances are compared to the model calculations.
The intermediate energies between the valley and hill situation are interpolated linearly to the height as measured with the scanning tunneling microscope (Fig. 3B) . The agreement is excellent and confirms the validity of the model. where e.g. correlations between periodically arranged quantum dots shall be studied, or when molecules shall be self-assembled and isolated on a substrate. Also, in an applied magnetic field the spin splitting of the quantum well resonance should be observed. We expect that this structure is the first example only of periodic graphene based quantum dot systems and it has some potential for application in single electron quantum devices. 15 Figure 4 16 Table 1 17
